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Figure H.8-1: Erosion Potential Flow Chart 

STEP 1: CONTINUOUS HYDROLOGIC ANALYSIS 

Hydrologic models are applied to simulate the hydrologic response of the watershed under pre-

development and post-project conditions for a continuous period of record. Modeling software 

appropriate for this type of simulation includes USEPA’s Storm Water Management Model (SWMM), 

Hydrological Simulation Program – Fortran (HSPF) developed by the USGS and USEPA, USACE’s 

Hydrologic Modeling System (HEC-HMS), and the San Diego Hydrology Model (SDHM) developed 

by Clear Creek Solutions, Inc. SDHM uses an HSPF computational engine, long-term precipitation 

data, and is a visually-oriented interactive tool for automated modeling and facility sizing.  

Input parameters for these continuous simulations are hourly precipitation data for a long-term (>30 

years) record, sub-catchment delineation, impervious cover, soil type, vegetative cover, terrain 

steepness, lag time or flow path length, and monthly evapotranspiration rate. The primary output is a 

simulated discharge record associated with the receiving channel of concern. Flow routing through 

drainage conveyances is necessary for continuous hydrologic analysis at the watershed scale. Appendix 

G provides guidance for developing continuous simulation models. 

Traditionally, a hydrograph (Figure H.8-2) is the primary means for graphically comparing discharge 

records; however, a hydrograph is not ideal because long-term flow records span several decades. 
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Figure H.8-2: Example Hydrograph Comparison 

Instead, a more effective means for comparing long-term continuous discharge records is to create a 

flow histogram, which differentiates the simulated flowrates into distinct “flow bins” so that the 

duration of flow for each bin can be tabulated. One method for establishing the distribution of flow 

bins is to increment the flow bins according to increments of flow stage using a hydraulic analysis, 

such as the normal depth equation. In this way, the hydraulic analysis step (Step 2) can be considered 

an input to the continuous hydrologic analysis step. While there is no established rule of thumb for 

how many flow bins are necessary, it is suggested that no less than 20 be used for an Ep analysis. An 

example of a flow histogram is provided on Figure H.8-3.  

 

Figure H.8-3: Example Flow Duration Histogram 

Flow duration curves are another commonly used method for graphically interpreting long-term flow 

records. A flow duration curve is simply a plot of flowrate (y-axis) versus the cumulative duration, or 

percentage of time, that a flowrate is equaled or exceeded in the simulation record (x-axis). Figure 

H.8-4 provides an example flow duration curve comparison. 
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Figure H.8-4: Example Flow Duration Curve 

Scaling Factor for Project-Scale Modeling 

Project-scale flow rates derived from continuous hydrologic simulation can be scaled using the ratio 

of the pre-development 2-year peak discharge for the watershed and project catchment (i.e., Q2 

watershed / Q2 project catchment) so that hydraulic and effective work calculations can be performed 

at the point of compliance with a larger tributary watershed. This scaling translates the runoff from 

the project catchment to its contribution to erosivity in the down gradient receiving channel, without 

the need for a complex watershed-scale continuous hydrologic model. 

Applicant can estimate the scaling factor using Equation H.8-3. The scaling factor equation was 

developed using the 2-year peak flow rate empirical equation from Hawley and Bledsoe (2011) and 

removing the terms (average annual precipitation and imperviousness (pre-development condition as 

required by the MS4 Permit) that are constant. 

Equation H.8-3: Scaling Factor 

𝑆𝑐𝑎𝑙𝑖𝑛𝑔 𝐹𝑎𝑐𝑡𝑜𝑟 =  (
𝐴𝑤𝑎𝑡𝑒𝑟𝑠ℎ𝑒𝑑

𝐴𝑝𝑟𝑜𝑗𝑒𝑐𝑡
)

0.667

 

Where: 

Awatershed = total watershed drainage area at the point of compliance(mi2) 

Aproject= total project drainage area (mi2) 
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STEP 2: HYDRAULIC ANALYSIS 

Hydraulic parameters, such as stage, effective shear stress, and flow velocity, are computed for each 

designated flow bin using channel geometry and roughness data. Hydraulic calculations can be as 

simple as using the normal flow equation and obtaining results for the central channel or as 

complicated as using hydraulic models which account for backwater effects, such as HEC-RAS.  

Using the formula for unit tractive force (Chow 1959), effective shear stress is expressed using 

equation H.8-4 

Equation H.8-4: Effective Shear Stress 

𝜏 = 𝛾𝑅𝑆 

Where: 

τ = Effective Shear Stress [lb/ft2] 

𝛾 = Unit Weight of Water [62.4 lb/ft3] 

R= Hydraulic Radius [ft] 

S = Energy Gradient Assumed Equal to Longitudinal Slope [ft/ft]. 

Normal depth can be estimated using Manning’s equation (Equation H.8-5). Several sources provide 

lists of roughness coefficients for use in hydraulic analysis (Chow, 1959). 

 

Equation H.8-5: Manning’s Equation 

𝑄 =  
1.49𝐴𝑅0.67𝑆0.5

𝑛
 𝑜𝑟  𝑉 =

1.49𝑅0.67𝑆0.5

𝑛
 

Where: 

Q = Peak Flowrate [cfs] 

V = Average Flow Velocity [ft/s] 

A = Cross-Section Flow Area [ft2] 

R = Hydraulic Radius [ft] = A/P 

P = Wetted Perimeter [ft] 

S = Energy Gradient Assumed Equal to Longitudinal Slope [ft/ft] 

n = Manning Roughness [unit less] 

Channel geometry inputs should be characterized by surveying cross sections and longitudinal 

profiles of the active channel at strategic locations. Methods of collecting topographic survey data 

can range from traditional survey techniques (auto level, cloth tape, and survey rod), to conducting a 

detailed ground based LiDAR survey. 
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STEP 3: WORK ANALYSIS 

Hydraulic results for each flow bin along with the critical bed/bank material strength parameters are 

input into a work or sediment transport function in order to produce a work or transport rating curve. 

An example of such a rating curve is provided on Figure H.8-3. The work equations can range from 

simplistic indices, material-specific sediment transport equations, or more complex functions based 

on site-calibrated sediment transport rating curves. 

• Simplistic indices: An acceptable equation for effective work, as stated in the Los Angeles 

Regional MS4 Permit (LARWQCB, 2012) is expressed using equation H.8-6: 

Equation H.8-6: Effective Work 

𝑊 = (𝜏 − 𝜏𝑐)1.5𝑉 

Where: 

W = Work [dimensionless];  

τ = Effective Shear Stress [lb/ft2];  

τc = Critical Shear Stress [lb/ft2];  

V = Mid-Channel Flow Velocity [ft/s] 

• Material-specific sediment transport equations: Material specific sediment transport 

equations are allowed to estimate the sediment transport capacity in the post-project and pre-

development condition. 

• Site-calibrated sediment transport curves: Applicants may have an option to use site-

calibrated sediment transport curves. In the future these may be available based on monitoring 

efforts being performed to support the County of San Diego’s Hydromodification 

Management Plan.  

The critical shear stress to be used in equation H.8-6 must be estimated using one of the following: 

• Shear stress corresponding to the critical flow rate or low flow threshold (Qc). Qc is the 

flowrate that results in incipient motion of bed or bank material, whichever is least resistant. 

Qc is expressed as a fraction of the pre-development 2-year peak flow. The allowable low flow 

threshold Qc can be estimated as 10%, 30%, or 50% of the pre-development 2-year peak flow 

(0.1Q2, 0.3Q2, or 0.5Q2) depending on the receiving stream susceptibility to erosion, per 

SCCWRP Technical Report 606, Field Manual for Assessing Channel Susceptibility 

(SCCWRP, 2010). If a channel susceptibility assessment is not performed, then the 

conservative default is a Qc equal to 0.1Q2. 

• Bed and bank material can also be characterized through a geomorphic field assessment. For 

each stream location analyzed, a measure of critical shear stress can be obtained for the weakest 

bed or bank material prevalent in the channel. For non-cohesive material, a Wolman pebble 

count or sieve analysis can be used to obtain a grain size distribution, which can be converted 

to a critical shear stress using empirical relationships or published reference tables. For 
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cohesive material, an in-situ jet test or reference tables are used. For banks reinforced with 

vegetation, reference tables are generally used. Appropriate references for critical shear stress 

values are provided in ASCE No.77 (1992) and Fischenich (2001). To account for the effects 

of vegetation density and channel irregularities, the applied shear stress can be partitioned into 

channel form and bed/bank roughness components. SCCWRP Technical Report 667 also has 

guidance for estimating critical shear stress. 
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STEP 4: CUMULATIVE WORK ANALYSIS 

Cumulative work is a measure of the long-term total work or sediment transport capacity performed 

at a creek location. It incorporates the distribution of both discharge magnitude and duration for the 

flow rates simulated. The cumulative work analysis must be performed up to the maximum 

geomorphically significant flow of Q10. To calculate cumulative work, first multiply the work (from 

STEP 3) and duration associated with each flow bin (from STEP 1). Then, the total work is obtained 

by summing the cumulative for all flow binds (Qc to Q10). This analysis can be expressed as: 

Equation H.8-7: Cumulative Work 

Wt = ∑ Wi ∆ti

n

i=1

 

Where: 
Wt = Total Work [dimensionless] 
Wi = Work per flow bin [dimensionless] 
Δt = Duration per flow bin [hours] 
n = number of flow bins 

The distribution of cumulative work, also referred to as a work curve (or work histogram), is helpful 

in understanding which flow rates are performing the most work on the channel of interest. An 

example work curve is provided in Figure H.8-5. 

 
Figure H.8-5: Example Work Curve 
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STEP 5: EROSION POTENTIAL ANALYSIS 

Ep is calculated by simply dividing the total work of the post-project condition by that of the pre-

development (natural) condition. Ep is expressed as: 

Equation H.8-8: Erosion Potential 

Ep = Wt,post / Wt,pre 

Where: 

Ep = Erosion Potential [unitless] 

Wt,post = Total Work associated with the post-project condition [unitless] 

Wt,pre = Total Work associated with the pre-development condition [unitless] 

 

As applicable, the applicant must use Worksheet H.8-1 and H.8-2 to document the Ep calculations 

for each point of compliance. 
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Erosion Potential (Ep) Analysis Worksheet H.8-1 

Background Information 

1 
Low Flow Threshold: results of SCCWRP channel 
susceptibility analysis (Select 0.1*Q2 if analysis has not 
been performed). 

 0.1*Q2 

 0.3*Q2 

 0.5*Q2 

2 Selected Ep Method 
 Simplified Ep Method 

 Standard Ep Method 

2 Hydrologic Analysis: Select hydrologic analysis method. 
 Project-Scale 

 Project-Scale and Watershed-
Scale Continuous Simulation 

4 
Number of Points of Compliance (Copy and complete 
worksheet for each Point of Compliance) 

 unitless 

Step 1: Hydrologic Analysis (not applicable for Simplified Ep Method) 

5 Project-Scale Q2 (from continuous simulation)  cfs 

6 Project Area draining to the point of compliance   sq. miles 

7 Watershed Area draining to the point of compliance  sq. miles 

8 Scaling Factor for Flows (Line 7/Line 6)0.667  unitless 

9 Low flow threshold (factor from Line 1 x Line 6)  cfs 

10 
Watershed-Scale Q10 at Point of Compliance (from 
continuous simulation or Project Q10 * Line 8) 

 cfs 

 

Hydrologic analysis results (Attach results of continuous simulation including: 
full pre-development runoff time series at POC, full post-development runoff 
time series at POC, and flow duration histogram and/or cumulative flow 
duration curve for each POC). 

 Yes 

 No 

Step 2: Hydraulic Analysis (not applicable for Simplified Ep Method) 

11 

Provide details about the cross-section (width, depth, slope, roughness, etc.) 

Step 3: Work Analysis (not applicable for Simplified Ep Method) 
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Erosion Potential (Ep) Analysis Worksheet H.8-1 

12 
Select work index, equation, or transport curve method 
for use in work analysis. 

 Equation H.8-6 

 Sediment Transport Equation 

 Sediment Transport Curve 

 Other: ______________ 

13 

Describe/Justify selection in Line 12 above: 
 
 
 
 
 

14 

Calculate work done for each flow bin under the pre-
development and post-project condition using 
Worksheet H.8-2. Or similar documentation for 
sediment transport modeling or transport curve analysis. 

 Yes 

 No 

Step 4: Cumulative Work Analysis 

14 
Cumulative pre-development work  
(Equation H.8-1 for Simplified Ep Method) 
(from Worksheet H.8.-2 for Standard Ep Method) 

  

15 
Cumulative post-project work  
(Equation H.8-1 for Simplified Ep Method) 
(from Worksheet H.8-2 for Standard Ep Method) 

  

Step 5: Erosion Potential Analysis 

16 Erosion Potential ( Line 15 / Line 14 )  unitless 
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According to a regional sediment yield map of the Western US (USDA, 1974), hillslope processes 

(sheet and rill erosion) account for approximately 40% of the sediment yield in the San Diego County 

region, while channel processes (in-stream and gully erosion) account for approximately 60% of the 

sediment yield. Figure H.8-7 shows the different erosion processes. Provision E.3.a.(3)(a) of the MS4 

Permit requires, “maintenance or restoration of natural storage reservoirs and drainage corridors 

(including topographic depressions, areas of permeable soils, natural swales, and ephemeral and 

intermittent streams)”, effectively making maintenance or restoration of channels and gullies within a 

project site a site design requirement.  

 

Figure H.8-7: Different Erosion Processes that Contribute Sediment 

Source: http://www.fairfaxcounty.gov/nvswcd/youyourland/soil.htm 

Sediment yield from hillslope processes (sheet and rill erosion) can be estimated using the Revised 

Universal Soil Loss Equation (RUSLE) and a sediment delivery ratio. For channel processes, the best 

available regional datasets are the USGS National Hydrography Dataset (NHD) and the NHDPlus 

dataset from USEPA and USGS (http://www.horizon-systems.com/nhdplus/). Both these datasets 

may not include the lowest order channels or gullies in the stream network, which can contribute a 

considerable amount of sediment produced from channel processes. Since the lower order channels 

and gullies originate and are mostly on the hillslopes, it is assumed for the Sp analysis that the sediment 
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yield from lower order channels and gullies is proportional to the sediment yield from hill slopes. 

Based on feedback received during the TAC meetings (Appendix H.5.1) the following distribution is 

proposed for the calculation of Sp: 

• 70% of bed sediment yield ratio from RUSLE analysis (assumed to account for 

sediment yield from hillslope processes (sheet and rill erosion) and channels and gullies 

not part of the NHDPlus dataset); and 

• 30% of bed sediment yield ratio from channels in the NHDPlus dataset. 

Note:  

• If an applicant elects to map the waters of the state, the Sp distribution shall be revised to  

o 40% of bed sediment yield ratio from RUSLE analysis;  

o 30% of bed sediment yield ratio from waters of the state that are not part of NHDPlus 

dataset; and  

o 30% of bed sediment yield ratio from channels in the NHDPlus dataset. 

SCALE OF ANALYSIS 

The project applicant shall perform the Sp analysis at point (or points) where runoff leaves the project 

site7. The steps for performing an Sp analysis are shown in Figure H.8-8 and described below. 

 

Figure H.8-8: Sediment Supply Potential Flow Chart 

 

7 In limited scenarios, the County has the discretion allow for a watershed-scale Sp analysis to be performed at the 

point of compliance it the future built-out conditions of the watershed are used in the analysis. 
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STEP 1: RUSLE ANALYSIS 

RUSLE analysis is assumed to account for sediment yield from hillslope processes (sheet and rill 

erosion) and channels and gullies not part of the NHDPlus dataset. The change in bed sediment yield 

in the post-project condition compared to the pre-project condition using the RUSLE analysis must 

be estimated using equation H.8-9. This equation is a modified form of the standard RUSLE equation. 

Only hillslopes that are anticipated to generate coarse sediment must be used in this analysis.  Since 

Sp is a dimensionless index the terms that are relatively constant in the pre and post project condition, 

such as rainfall factor, have been removed.  

Equation H.8-9: Sediment Yield (Hillslope) 

𝑆𝑌𝑅𝑈𝑆𝐿𝐸 =
𝑃𝑜𝑠𝑡 − 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 ∑{𝐴 × 𝐾 × 𝐿𝑆 × 𝐶 × 𝑃}

𝑃𝑟𝑒 − 𝑃𝑟𝑜𝑗𝑒𝑐𝑡 ∑{𝐴 × 𝐾 × 𝐿𝑆 × 𝐶}
 

Where: 

A = Hillslope Area (acres) 

K = Soil erodibility factor, this value can be obtained from regional K factor map from SWRCB or 
web soil survey or site-specific grain size analysis 

LS = Slope length and steepness factor, this value can be obtained from the regional LS factor map 
from SWRCB or site-specific determination using look up tables based on slope and horizontal 
slope length from USDA Agriculture Handbook Number 703 (Renard et al., 1997) or other relevant 
sources 

C= Cover management factor, use regional C factor map from USEPA or site-specific information; 
this is the reciprocal of the amount of surface cover on soil, whether it be vegetation, temporary 
mulch or other material.  It is roughly the percentage of exposed soil, i.e., 95 percent cover yields a 
“C” value of 0.05. Use C=0 for areas where management actions are implemented (e.g. impervious 
areas)  

P = Practice factor, only included in post-project condition. This term is added to account for 
sediment yield from engineered slopes. Practice factor of 0.25 shall be used for fill slopes and a 
practice factor of 0.50 shall be used for cut slopes. Use a practice factor of 1 for undisturbed areas. 

The applicant may be allowed to receive credit for bed sediment yield from engineered slopes on the 

project perimeter directly discharging to conveyance systems if all of the following criteria are met: 

• The engineered slopes consist of coarse bed material. This is confirmed by performing grain 

size distribution per ASTM D422 for the engineered slope and verifying that the d50 is greater 

than no. 200 sieve (0.074 mm). 

• Cover factor in the post project condition shall not be greater than the cover factor used in 

the pre project condition for the same area. 

• A maximum practice factor of 0.25 may applied to proposed fill slopes. A maximum practice 

factor of 0.50 may be applied to proposed cut slopes. 
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• A statement from the geotechnical engineer is included in the SWQMP certifying that the 

engineered slope will be stable even after accounting for bed sediment generation and the 

anticipated soil loss during the planned lifetime of the engineered slope is acceptable. 

Additional analysis and/or documentation may be requested by the County prior to approval of the 

credit for bed sediment yield from engineered slopes. 

STEP 2: CHANNEL ANALYSIS 

If an NHDPlus mapped channel exists within the project property boundary, applicants must consider 

the sediment production from this existing channel system. The change is bed sediment yield in the 

post-project condition compared to the pre-project condition from channels in the NHDPlus dataset 

must be estimated using equation H.8-10 (SYNHD). This equation is based on screening-level GIS 

calculations of stream length that will be contributing sediment in the post-project condition in the 

watershed tributary to the point of compliance. 

Equation H.8-10: Sediment Yield (NHD) 

𝑆𝑌𝑁𝐻𝐷 =
𝐿𝑝𝑜𝑠𝑡

𝐿𝑝𝑟𝑒
 

Where: 

Lpost = Length of NHDplus streams in the watershed contributing to bed sediment supply in the 
post-project condition [miles] 

Lpre = Length of NHDplus streams in the watershed contributing to bed sediment supply in the 
pre-project existing condition [miles] 

STEP 3: SEDIMENT SUPPLY POTENTIAL ANALYSIS 

Sediment Supply Potential (Sp) is defined as the ratio of post-project/pre-project (existing) long-term 

bed sediment supply. Sp must be calculated using equation H.8-11 presented below: 

Equation H.8-11: Sediment Supply Potential 

𝑆𝑝 = 0.7 × 𝑆𝑌𝑅𝑈𝑆𝐿𝐸 + 0.3 × 𝑆𝑌𝑁𝐻𝐷 

Where: 

Sp = Sediment Supply Potential [unitless] 

SYRUSLE = Change in bed sediment yield from hillslopes and lower order channels and gullies not 
part of NHDPlus dataset [unitless] 

SYNHD = Change in bed sediment yield from channels in NHDPlus dataset [unitless] 

When estimating Sp the following additional conditions apply: 

• Projects that do not have onsite NHDPlus channels shall omit consideration of SYNHD and 

weighting factors depicted in Equation H.8-11. This simply results in Sp = SYRUSLE. 
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• It must be assumed that the sediment yield from an area that drains to a structural BMP is 

zero. Consideration of sediment yield from an area draining to the structural BMP may be 

allowed if sediment bypass measures are implemented upstream of the structural BMP. 

However, additional analysis may be requested by the County to substantiate the sediment 

yield estimates proposed by the applicant from implementing sediment bypass measures. 

• For scenarios where an upstream coarse sediment yield area drains through the project 

footprint and the project footprint cuts off conveyance of bed sediment generated upstream 

of the project footprint to the point of compliance, (e.g., via debris basins) the contribution 

from the upstream area shall be assumed to be zero. 

As applicable, the applicant must use Worksheet H.8-3 to document the Sp calculations for each point 

of compliance. 
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Sediment Supply Potential (Sp) Analysis Worksheet H.8-3 

1 Scale of Analysis 
 Project Scale 

 Watershed Scale (built-out condition) 

Step 1: RUSLE Analysis  

2 

GLU 
Pre-Project Post-Project 

A K LS C A*K*LS*C A K LS C P A*K*LS*C*P 

1            

2            

3            

4            

5            

6            

7            

8            

Add additional rows as needed 

3 Sum Pre-Project  Sum Post-Project  

4 𝑆𝑌𝑅𝑈𝑆𝐿𝐸: ( Sum Post-Project/ Sum Pre-Project) (From Line 3)  unitless 

Step 2: Channel Analysis: NHDPlus Channels 

5 Lpre (from GIS analysis of pre-project existing condition)  miles 

6 Lpost (from GIS analysis of post-project condition)  miles 

7 𝑆𝑌𝑁𝐻𝐷: ( Line 6 / Line 5 )  unitless 

Step 3: Sediment Supply Potential Analysis 

8 RUSLE Analysis Bed Sediment Yield Ratio Calculated ( Line 4 )  unitless 

9 
Channel Bed Sediment Yield Ratio from NHDPlus dataset 
 ( Line 7 ) 

 
unitless 
 

10 
Sediment Supply Potential Calculated using Equation H.8-11.   
( 0.7 x Line 8 + 0.3 x Line 9) 

 
unitless 
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H.9 Mitigation Measures Fact Sheets 

The following fact sheets were developed to assist the project applicants with designing mitigation 
measures: 

• Additional flow control 

• Stream Rehabilitation 

H.9.1 Additional Flow Control 

Description  

Additional flow control refers to the modification 
of post-development flow rates and durations 
beyond the levels required by standard HMP 
criteria (i.e. control of flow rates and durations 
from Qc to Q10).  Additional flow control can 
mitigate the effect of decreased sediment delivery 
by equivalently limiting sediment transport 
capacity. BMPs providing additional flow control 
are detention/retention type BMPs and will 
typically be larger than those that meet HMP 
criteria only. The performance standard for 
additional flow control can be demonstrated 
through the NII management standard. 

 

Management Standard and Sizing Approach 

The management standard additional flow control BMPs need to meet to demonstrate that there is 
no net impact to the receiving waters is presented in the equation below: 

𝑁𝐼𝐼 =  
𝐸𝑝

𝑆𝑝
≤ 1.1 

Where: 

𝐸𝑝:  is the ratio of post-project/pre-
development sediment transport 
capacity  

𝑆𝑝:  ratio of post-project/pre-project 
(existing) long-term bed sediment 
supply 

Note: Redevelopment projects typically do not have critical 
coarse sediment yield areas onsite because management 
actions have been implemented onsite (e.g. impervious areas, 
etc.). Refer to Appendix H.8 for methodologies to calculate Ep 
and Sp. 
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Project applicants must demonstrate that the NII management standard will be met under the post-

project scenario through the following steps: 

1. Calculate the Sp at the point of compliance using guidance in Appendix H.8.2. 
2. Determine the Target Ep: EpTarget ≤ 1.1 * Sp 
3. Calculate the pre-development sediment transport capacity or work (Ep denominator). Refer 

to Section 6.3.3 for definition of pre-development and refer to Appendix H.8.1 for guidance 
on calculating the sediment transport capacity or work. 

4. Iteratively size additional flow control BMPs and calculate the post-project sediment transport 
capacity (Ep numerator) until the target Ep is reached. 

5. Summarize the calculations performed to size the BMPs in the SWQMP. 
In addition to the general approach outlined above, additional flow control BMPs must meet the 

design criteria presented in the Appendix E Fact Sheets. Deviations from these criteria may be 

approved at the discretion of the County if it is determined appropriate. 

Design Adaption for Project Goals 

NII management standard is met by additional flow control. Larger BMPs may be able to 
provide adequate additional flow control to meet the required performance standard. In this scenario 
no additional sediment BMPs are required.  

For example, project that has an Sp = 0 (i.e. 100% of the bed sediment in the drainage area to the 
point of compliance is impacted by the project) can be mitigated by designing a BMP such that there 
is no discharge within the geomorphically significant flow range (i.e. Qc to Q10).  

NII management standard is not fully met by additional flow control.  Additional flow control 
alone may not be able to entirely meet the NII management standard due to site, or other, constraints. 
In scenarios where the target Ep cannot be met by additional flow control, additional BMPs that 
increase the supply of bed sediment or reduce the susceptibility of the receiving channel will be 
required. 

Note: Additional flow control BMPs can be independent BMPs that provide flow control only or 
they can be integrated with storm water pollutant control BMPs. 

Conceptual Design and Sizing Approach  

The following steps detail an approach that can be used to appropriately size BMPs that provide 
additional flow control: 

Step 1: Calculate the Sediment Supply Potential (Sp) based on pre- and post-project 
condition at the point of compliance. 

• Refer to Appendix H.8.2 for methodology to calculate Sp. Applicant must document 
this analysis using Worksheet H.8-3. 

Step 2: Determine the Target Ep based on the results of Step 1. 

• EpTarget ≤ 1.1 * Sp 
Step 3: Perform continuous simulation modeling for pre-development condition. 

• Perform continuous simulation (refer to Appendix G) for the pre-development 
condition.  
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• Determine the flow durations for the pre-project scenario as described in 
Appendix G.1.6.2. 

Step 4: Perform pre-development work analysis. 

• Calculate the cumulative work performed by the range of geomorphically significant 
flows for the pre-development scenario, (refer to Step 3 and Step 4 in Appendix H.8.1 
for calculation of work). 

Step 5: Implement flow control BMPs and perform continuous simulation modeling 
for post-project scenario. 

• Appropriately size pollutant control and hydromodification management BMPs 
according to the procedures presented in this manual. 

• Perform continuous simulation (refer to Appendix G) for the post-project condition.  

• Determine the flow durations for the post-project scenario as described in 
Appendix G.1.6.2. 

• Typically, BMPs sized to satisfy the flow duration control will provide for some level 
of Sp reduction and will ensure that the minimum design standards and sizing 
requirements are met. 

Step 6: Perform post-project work analysis. 

• Follow the steps presented in Step 4 to determine the post-project total work. 
Step 7: Calculate Ep and determine if Target Ep has been met. 

• Divide the post-project total work by the pre-development total work and determine 
if the target Ep has been met.  

• If the target Ep is met by the standard BMPs, document results and compliance with 
hydrologic and sediment supply performance standards. 

• If the target Ep is not met, proceed to Step 8.  
Step 8: Provide additional flow control storage and calculate Ep. 

• Following the procedures presented in the previous steps, iteratively calculate Ep for 
increasingly large BMPs until the target Ep is met.  

• Document results and compliance with hydrologic and NII management standard. 

As applicable, the applicant must use Worksheet H.8-1, Worksheet H.8-3 and Worksheet H.9-1 to 
document sizing of the additional flow control mitigation measure. 
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Additional Flow Control Mitigation Measure Worksheet H.9-1 

1 
Sediment Supply Potential  
(Line 10 of Worksheet H.8-3) 

 unitless 

2 
Attached completed Worksheet H.8-3 and associated 
documentation 

 Yes 

 No 

3 Target Ep ≤ 1.1 * Line 1  unitless 

4 
Erosion Potential  
(Line 16 of Worksheet H.8-1) 

 unitless 

5 
Attached completed Worksheet H.8-1 and associated 
documentation 

 Yes 

 No 

6 
Is Line 4 ≤ Line 3? 
If Yes, NII management standard is met. 
If No, increase the size of the BMP and recalculate Line 4. 

 Yes 

 No 
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H.9.2 Stream Rehabilitation 

Description  

Hydromodification control can be achieved by 

stream rehabilitation projects including: drop 

structures, grade control structures, bed and bank 

reinforcement, increased channel sinuosity or 

meandering, increased channel width, and flow 

diversion. The objective of these in-stream 

controls, or stream restoration measures, is to 

reduce or maintain the overall Erosion Potential 

(Ep) of the receiving channel. Stream rehabilitation option is only available when the receiving channel 

of concern is already impacted by erosive flows and shows evidence of excessive sediment, erosion, 

deposition, or is a hardened channel. 

Management Standard and Sizing Approach 

The management standard stream rehabilitation projects need to meet to demonstrate that there is no 

net impact to the receiving waters is presented in the equation below: 

𝑁𝐼𝐼 =  
𝐸𝑝

𝑆𝑝
≤ 1.1 

Where: 

𝐸𝑝:  is the ratio of post-project/pre-development sediment transport capacity  

𝑆𝑝:  ratio of post-project/pre-project (existing) long-term bed sediment supply 

Note: Stream rehabilitation project reduce Ep by modifying the stream’s hydraulic properties and/or 

bed/bank material resistance without fully replacing sediment supply or controlling increases in 

runoff. Refer to Appendix H.8 for methodologies to calculate Ep and Sp. 

Design Adaption for Project Goals 

The following describes different types of stream rehabilitation projects that could be implemented to 

meet the NII management standard by reducing or maintaining the overall Ep: 

Drop Structures: Drop structures are designed to reduce the average channel slope, thereby reducing 

the shear stresses generated by stream flows. These controls can be incorporated as natural looking 

rock structures with a step-pool design which allows drop energy to be dissipated into the pools while 

providing a reduced longitudinal slope between structures. 

Grade Control Structures: Grade control structures are designed to maintain the existing channel 

slope while allowing for minor amounts of local scour. These control measures are often buried and 

entail a narrow trench across the width of the stream backfilled with concrete or similar material, as 

well as the creation of a “plunge pool” feature by placing boulders and vegetation on the downstream 

side of the sill. A grade control structure provides a reduced footprint and impact as compared to 

drop structures, which are designed to alter the channel slope. 
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Bed and Bank Reinforcement: Channel reinforcement serves to increase bed and bank resistance 

to instream erosion. A number of vegetated approaches are widely used. Such approaches include 

large woody debris, live crib walls, vegetated mechanically stabilized earth, live siltation, live 

brushlayering, willow posts and poles, live staking, live fascine, rootwad revetment, live brush 

mattresses, and vegetated reinforcement mats. These technologies provide erosion control that 

stabilizes bed and bank surfaces and allows for re-establishment of native plants, which serves to 

further increase channel stability.  

Channel Sinuosity: Increasing channel sinuosity (meandering) can serve to reduce the channel slope, 

thereby reducing the shear stresses generated by stream flows. However, forcing a channel to be too 

sinuous is likely to lead to subsequent channel avulsion (cutting a new stream path) to a straighter 

course. Channel sinuosity needs to be supported by a geomorphic basis of design that shows the 

proposed form and gradient are appropriate for the valley slope, sediment, and water regime. This 

support may take the form of reference reaches in similar watersheds that have supported the 

proposed morphology over a significant period of time, or comparison between the proposed form 

and typical literature values. 

Channel Widening: Increasing the width-to-depth ratio of a stream’s cross section is meant to spread 

flows out over a wider cross section with lower depths, thereby reducing shear stress for a given flow 

rate. This approach can be a useful management strategy in incised creeks to restore them to 

equilibrium conditions once vertical incision has ceased. As with sinuosity, it is important to develop 

a robust geomorphic basis of design that shows the increase in width-to-depth ratio to be sustainable. 

Flow Diversion: Flow diversions can be designed to divert the excess flows caused by development 

to an hydromodification management exempt water body so that the shear stresses do no increase in 

the susceptible receiving water. When diversions are proposed to a water body exempt through 

watershed management area analysis, the applicant is required to provide a supporting analysis that 

the excess flows diverted to the exempt water body do not invalidate the exemption.  

Design Considerations 

Each stream rehabilitation project is to some degree unique because of differences in geomorphic 

process, morphology and previous watershed history. For this reason, this fact sheet does not provide 

a prescriptive ‘cookery book’ approach for rehabilitating streams, but instead provides guidelines and 

recommendations. Shields (1996) provides a helpful overview of the analytical steps involved in stream 

restoration and Shields et al. (1999) provides examples of approaches used to rehabilitate incised 

channels. Applicant will need to provide geomorphic and engineering information to support their 

proposed project approach. It is recommended that multiple lines of technical evidence be used by 

applicants to develop creek restoration plans based on the preponderance of evidence for design 

criteria such as channel width, depth, slope and planform. It is also important to understand that all 

creek rehabilitation projects must comply with relevant Federal, State and local regulations and 

permits. These will likely include obtaining permits from the RWQCB, USACE and California 

DF&W, and may involve additional permits or consultation with USDF&W and FEMA, as well as 

permits from the County. The proposed design shall also meet local drainage design guidelines for 

channel design. 




